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ABSTRACT 
 Yb(III), Sm(III) and La(III) complexes of a tetradentate Schiff base ligand, bis(pyridoxylidene)ethyelenediamine, are reported. 
Single crystal X-ray crystal structures of the complexes reveal that in all of them the Ln(III) ions are in a distorted dodecahedral 
geometry with N4O4-coordination environment provided by two coordinated ligands. Fluorescence spectroscopy shows that in 
the Yb(III) and Sm(III) complexes energy transfer from ligand centered excited state leads to population of emissive f-f excited 
states. The reported complexes bind to ct-DNA, with high binding constant (Kb) comparable to those which bind by intercalative 
mode. Cytotoxicity study shows that the complexes have quite low cytotoxicity towards HeLa cell. Further, they exhibited fast 
response, bright fluorescence and stability at physiological pH, making them suitable for use in fluorescence bio-imaging. 
Keywords: Yb(III), Sm(III), La(IIII), DNA-binding, Cytotoxicity, fluorescence bio-imaging 
 
1. Introduction 
     Schiff bases, condensation products of aldehydes or ketones and amines, play an important role in co-
ordination chemistry, forming complexes of varied oxidation states with wide range of metal ions [1]. 
Schiff base metal complexes also play potent roles in, biological modelling of metalloenzymes [2-4], 
synthesis of molecular ferromagnets [5,6] and liquid crystals [7,8], catalysis [9,10], medical imaging [11] 
and as synthons for crystal engineering [12-17]. 
     Pyridoxal, a vitamer of vitamin B6, is the most versatile co-factor in biological systems [18-20]. It 
participates in a plethora of important biological reactions e.g. transamination, deamination, 
decarboxylation, which are vital for amino acid metabolism, besides being a key player in synthesis of 
important neurotransmitter like GABA and serotonin [21-30]. Therefore, interest in exploration of metal 
complexes with pyridoxal type ligands is justified as they are highly biocompatible. The fluorescence 
properties of pyridoxal offer the additional possibility of using pyridoxal appended ligands as fluorescent 
probes, sensors and imaging agents [31, 32]. Reasonably good aqueous solubility of pyridoxal Schiff base 
ligands and complexes are an aid to their possible biological applications. 
      Metal complexes with strong DNA binding affinity are of increasing importance due to their possible 
applications in medicinal research. They are potential DNA molecular probes and chemotherapeutic 
reagents [33-35]. Metal complexes bind to DNA via three major modes: intercalation, groove binding and 
electrostatic interactions [36-38]. 
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    Lanthanides, referring to the elements from La to Lu are progressively emerging as promising 
luminescent probes for biology and medicine [39, 40]. Lanthanides and their complexes are not only used 
as sensors for biologically relevant species like DNA but also serve as DNA cleaving agents [41]. 
Lanthanide complexes have poor steriochemical preferences and high co-ordination number and thus can be 
suitable designed to achieve efficient DNA cleavage activity and cytotoxicity [42]. There are also 
interesting reports of dual functional water soluble Gd(III) and Yb(III) complexes in literature, which can 
be used for imaging as well as photodyanamic therapy [43,44].  Moreover, lanthanides act as enzyme 
inhibitors [45, 46] as they are hard Lewis acids. In spite of such properties, reports on DNA binding study of 
lanthanide complexes are relatively few in literature. 
 
2. Experimental section 
2.1. Physical Methods and Materials 
Pyridoxal hydrochloride, ethylenediamine, Sm(NO3)3·6H2O, Yb(NO3)3·6H2O and La(NO3)3·6H2O were obtained 
from either Aldrich or E. Merck or CDH. Calf-thymus DNA (ct-DNA) was from GeNei. All other chemicals, 
synthesis grade and spectroscopic grade solvents were obtained from Merck, Aldrich or Spectrochem. Elemental 
analyses were performed on a Perkin Elmer 2400 carbon, hydrogen, and nitrogen analyzer. UV−Vis spectra were 
recorded using a JASCO V-530 spectrophotometer. Electron spray ionization mass spectrometry (ESI-MS) spectra 
of the samples were recorded on a JEOL JMS 600 instrument. Fluorescence spectra and TCSPC experiments were 
carried out using Horiba Instruments made Fluorolog-3 modular spectrofluorometer using a Xe arc lamp (for 
recording spectra) or a 330 nm Pulsed LED light source for TCSPC experiments. The absolute quantum yield for the 
ligand centered transition of the complexes (1-3) in  DMF solution were calculated by using the F3029 integrating 
sphere accessory, the Quanta-φ. This includes recording excitation source intensity and calculating the area under 
the corrected emission spectra. Further the relative quantum yield of the metal centered transition for complex 2 was 
















2.2. Synthesis of ligand 
The dihydrochloride ligand was prepared as described in our earlier work [47]. For synthesis of the 
complexes the neutral ligand was prepared in situ by reacting an methanolic solution of pyridoxal 
hydrochloride, whose pH was adjusted to 6-7 with concentrated aqueous KOH, and ethylenediamine 
dissolved in minimum volume in methanol. 
2.3. Syntheses of Ln(III) Complexes 1-3 
The complexes 1, 2 and 3 were synthesized using a general procedure. Detailed synthetic method for 
complex 1 is given below as a representative example. 
 
2.3.1. Synthesis of Yb(LH2)2(NO3)2Cl·H2O (1) 
To a methanolic solution of the neutral ligand LH2 (0.36g, 1mmol) prepared in situ Yb(NO3)3·6H2O 
(0.233g, 0.5mmol) was added and the solution was stirred for 4 hrs. The pale yellow solid was filtered, 
washed with diethylether and dried over fused calcium chloride. Yield: 83%. Anal. Calc. for 
C36H46N10O15ClYb: C 40.55; H 4.22; N 13.13; Found: C 40.75; H 4.32; N 13.09. MS: m/z: 
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888.50[Yb(LH)2]+ (100%)], (Fig: S1 in the ESI†). Electronic spectrum in DMF solution: λmax/nm (εmax/M−1 
cm−1): 355(18570), 941(2.40), 978(2.78).  
 
2.3.2. Synthesis of Sm(LH2)2(NO3)3·3H2O (2)   
Yield: 85%. Anal. Calc. for C36H50N11O20Sm: C 39.04; H 4.51; N 13.90; Found: C 39.12; H 4.49; N 13.82. 
MS: m/z: 866.43[Sm(LH)2 ]+ (100%)], (Fig: S2 in the ESI†). Electronic spectrum (DMF solution) λmax/nm 
(εmax/M−1 cm−1): 360(10572), 955(23.66), 1080(22.05). 
 
2.3.3. Synthesis of La(L)(LH)·3H2O(3) 
Yield: 89%. Anal. Calc. for C36H47N8O11La: C 47.68; H 5.84; N 12.35; Found: C 47.56; H5.80; N  12.23. 
MS: m/z: 853.38 [LaL2 ]+ (100%)], (Fig: S3 in the ESI†). Electronic spectrum (DMF solution) λmax/nm 
(εmax/M−1 cm−1): 365(10764). 
 
2.4. X-ray crystallography 
 
Single crystal X-ray data were collected for 1 and 2 on a Bruker SMART APEX-II CCD area diffractometer 
at 100 (2) and 293(2)K respectively using Mo-Kα radiation (0.71073 Å). Absorption corrections were 
employed using SADABS [48], data solution was achieved by direct methods and refined by full matrix 
least squares on F2 using SHELXL version 2014/7 for 1 and SHELXL-97 for 2 [49]. The non-hydrogen 
atoms were refined with anisotropic displacement parameters. All hydrogen atoms were placed at calculated 
positions and refined as riding atoms for 1 and mixed model for 2, using isotropic displacement parameters.  
For 3 the data were collected on an Oxford Gemini diffractometer at 150 K using Cu-Kα radiation (1.54180 Å). 
Data were corrected for absorption effects using CrysAlis program [50] and solved by direct methods by full matrix 
least squares on F2 using CRYSTALS [51]. The H atoms were located in a difference map, but H-atoms bonded to 
carbon were placed in their geometric positions. The H atoms were initially refined isotropically with soft restraints 
on the bond lengths and angles to regularize their geometry. One of the H-atom attached to C25 carbon atom in 
complex 1 could not be located due to disorder.     
A summary of the crystallographic data is given in Table 1. Important metrical parameters are collected in Tables 2 
and S1. Crystallographic CCDC numbers are 1903592-1903594 for  1-3 respectively. 
 
2.5. DNA-binding experiments 
 
2.5.1 Absorption spectroscopic studies 
Concentration of ct-DNA was determined using absorbance at 260 nm with molar extinction co-efficient (ε) 
= 6600 M−1 cm−1 [52]. The details experimental procedure is same as that described by us earlier [53]. To 
the 1×10−5 M solution of complex increments of the ct-DNA solutions [1×10−4 M] were added. The 
complex-DNA solutions were homogenised for 5 min before the absorption spectra were recorded. The 
stability of the complexes in aqueous Tris-HCl buffer (pH 7.4) medium was ascertained by checking the 
lifetime of the complexes for a time interval of 0-7h by TCSPC experiments.  
2.5.2 Fluorescence binding study 
To perform fluorescence quenching experiments, equimolar mixture of classical intercalator ethidium 
bromide (EB) /ct–DNA (DNA concentration 5x10−6 M) was prepared in Tris-HCl (pH 7.4) buffer solution 
by pre-treating ct-DNA with EB and storing the solution at 4°C for 4 h, to which increments of a 1×10−5 M 
stock solution of Ln(III) complexes were added and emission intensities were measured using a Horiba 
made model Fluorolog-3 modular multifunctional TCSPC lifetime  spectrofluorometer. The solutions were 





2.6. Cytotoxicity Study 
Confocal Imaging Study of Cells and MTT Cell Viability Assay  are performed following the experimental 
procedure reported in our previous publication [54]. 
 
3. Result and discussion 
3.1. Synthesis of complexes 
The ligand bis(pyridoxylidene)ethylenediamine(LH2) was obtained as dihydrochloride salt by the action of 
methanolic solution of ethylenediamine (1eqv.) on methanolic solution of pyridoxal hydrochloride (2eqv.). 
The Ln(III) complexes were obtained by reacting the in situ prepared neutral ligand with a methanolic 
solution of the Yb(III), Sm(III) and La(III) nitrate salt in a 2:1 molar proportion in MeOH medium at room 
temperature (Scheme 1) when the complex separates out from the reaction mediums in very good yields(80-
90%). The Yb(III) and the Sm(III) complexes crystallized as tripositive cations having all the four pyridine 
nitrogen atoms belonging to two tetradentate ligands being protonated. The La(III) complex on the other 
hand is a neutral complex, having one dinegative and another mono negative ligand with one of the pyridine 
nitrogens being protonated. for the later. To prove the point we have done conductivity measurement in 
DMF medium at 298K.  
Molar conductance of 1, 2 and 3 were calculated as 189 Ω−1 cm2 M−1, 252 Ω−1 cm2 M−1 and 42 Ω−1 cm2 M−1 
which suggests that 1 and 2 are 1:3 electrolyte whereas 3 is an non-electrolyte [55]. The relatively small 
size of Yb(III) and Sm(III) ions compared to La(III) probably results in higher acidity of solutions of the 
salts of the former two ions, which results in protonation of the pyridine nitrogens in their complexes during 
synthesis. However, as shown below, the Uv-Vis and fluorescence spectra of the complexes in Tris-HCl 
buffer (pH 7.4) suggest that in the buffer solutions all the complexes have same state of protonation.  The 
elemental analyses and the ESI-MS spectra of 1, 2 and 3 are in agreement to their formulation as 
bis(pyridoxylidene)ethylenediamine complexes of Yb(III), Sm(III) and La(III). The ESI-MS data were 
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3.2. Electronic Spectroscopy 
 3.2.1. Absorption Spectra 
The electronic absorption spectra of the ligand and their complexes (1-3)  were reported in the range of 
250–1100 nm in DMF medium (Figure 1a). The electronic spectrum of the free ligand shows a broad 
intense band at 335nm which in the complexes are marginally shifted to longer wavelengths (355nm for 1; 
360nm for 2; 365nm for 3). This peak can be attributed to the phenolate O pπ→imine π*. The relatively 
larger red shift for the La(III) complex (complex 3) may be attributed to the different degree of protonation 
of this complex compared to the Yb(III) and Sm(III) complexes (complexes 1 and 2). This is supported by 
the fact that in tris-HCl buffer (pH =7.4) the band appears almost at the same position (at around 360 nm) 
for all the complexes. A broad peak centred around 430nm in the free ligand is assigned n→π* transition 
and this band is absent in the complexes. For the Sm(III) complex two transitions at 955 nm and 1080 nm 
are assigned to f-f transitions ( 6H5/2 → 6F11/2, 6F9/2) (Figure S8) [56, 57]. For the Yb(III) complex  the  f-f 







Fig. 1. Electronic absorption spectra of ligand and complexes (1-3) in DMF at UV-Vis region (a) and f-f band of Complex 1 
in NIR region (b). 
 
3.2.2. Emission spectra 
The fluorescence emission spectra of the free ligand and the Ln(III) complexes were measured in DMF 
solutions (Figure 2). The free ligand shows emission at 383 nm, when excited at 335 nm, and this may be 
assigned to emission from the pyridoxal chromophore. The lifetime of the excited state was estimated to be 
2.82×10−9s from the TCSPC experiments (Figure S9). In the La(III) complex (3), the emission is observed 
at 462 nm and the excited state lifetime was found to be 6.46×10−8s (Table 1). Evidently, on complexation 
with the La(III) ion the excited state is considerably red shifted and its lifetime increased by approximately 
23-fold. For the Yb(III) and Sm(III) complexes (1 and 2)  there is only a small red shift (of 20 nm) of the 
ligand centered emission and its lifetime is decreased by an order of magnitude with the values being 
1.80×10−10s,    2.97×10−10s for 1 and 2 respectively. This decrease of the lifetime of the ligand centred 
excited state in 1 and 2 is due to sensitization of f-f excited state in these complexes by energy transfer 
process.  Again, the relatively large red-shift of the ligand centred emission in DMF solution of the La(III) 
complex compared to Yb(III) and Sm(III) complexes may be ascribed to the different degree of protonation 
of the ligands in the La(III) complex compared to other two complexes. When the spectra were recorded in 
Tris-HCl buffer (pH 7.4) the emission maxima of all the three complexes are observed at nearly the same 



































Fig. 2. Emission spectra of ligand (λext=335nm) and complexes (λext=355nm, 360nm, 365nm for complexes 1, 2 and 3 
respectively) in DMF [1×10−5 M]. 
 
At room temperature, besides the ligand centered (LC) emission, 1 and 2 also show metal centred (MC, f-f) 
emissions (Figure 3). The emission spectrum of 1 shows a doublet at 992nm and 1024nm, which is due to 
Stark splitting of 2F5/2 →2F7/2 transition [58,59]. For complex 2, the metal centred emissions are observed in 
the 550-700 nm region. The dominant emission peak is at 646 nm corresponding to the 4G5/2 → 6H9/2 
transition, while two other emission peaks at 566 and 598 nm are due to the 4G5/2 → 6H5/2 and 4G5/2 → 6H7/2 
transitions, the latter two peaks showing doublet structure due to stark splitting in asymmetric ligand 
environment [59]. The quantum yield of the MC emission for complex 2 was estimated as 0.0131 (Table 1) 
with reference to the quantum yield of the LC emission of the same complex. However, quantum yield of 
the MC emission of the corresponding Yb(III) complex could not be evaluated in the same way as the 





















3.3. Description of the X-ray crystal structures 
The ORTEP diagrams of 1, 2 and 3 are given in Figure 4. Crystal data and refinement details of  1, 2 and 3 are given 
in Table 2 and selected bond distances are given in Table 3 while selected bond angles are given in Table S1. Of the 
three complexes reported here, complex 1 crystallizes with one water molecule of crystallization, while complexes 2 
and 3 crystallize with three water molecules of crystallization.  
The octa-coordinated lanthanide centres in all the three complexes adopt distorted dodecahedral geometries 
with LnN4O4 chromophores, the metal atom coordinates to four phenolic O atoms and four imine N atoms 
of the two tetradentate Schiff base ligands. 
The bond lengths in all the complexes are unexceptional, albeit at the lower side of the range generally 
found for complexes of these metal ions with N4O4-donor environment [59-63]. Expectedly, for a given 
metal ion M–O distances are considerably shorter than the M–N distances. Also both M–O and M–N 
distances are shortest in the Yb(III) complex and longest in the La(III) complex with the Sm(III) complex 
having the values in between.  
 
Table 2 
 Crystal data and refinement details of complexes 1, 2 and 3. 
Complex  Quantum yield of the Ligand 




1 0.0181, 1.80×10−10s - 
2 0.0362, 2.97×10−10s 0.0131 
 3 0.0513, 6.46×10−8s - 
Compound 1 2 3 
Formula C36 H45 N10 O15 Cl Yb C36 H50 N11 O20Sm  C36 H47 N8 O11 La 
Formula Weight 1066.31 1107.23 906.72 
Crystal Size 0.34x0.3x0.24 0.26x0.24x0.22 0.034x0.07x0.082 
T(K) 100(2) 293(2) 150(2) 






























Space Group P 21/c P 21/n P 21/n 
a(Å) 11.9805(8) 11.7413(6) 10.48135(18) 
b(Å) 14.9324(9) 31.0905(15) 29.1130(4) 
c(Å) 22.7945(13) 12.0463(6) 13.4065(3) 
α(°) 90 90 90 
β(°) 101.808(2) 98.4140(10) 101.1778(18) 
γ(°) 90 90 90 
Dcalc(g cm−3) 1.774 1.691 1.501 
μ(mm−1) 2.496 1.445 8.800 
F(000) 2152 2260.0 1856 
Total reflections 25658 40845 6050 
Unique reflections 8105 7660 6016 
Observed 
data[I˃2σ(I)] 
6399 7226 4801 
Rint 0.0322 0.0273 0.054 
R1, wR2 [I˃2σ(I)] 0.0399,0961 0.0275,0.0637 0.0437,0.1141 
R1, wR2 (all data) 0.0561,0.1064 0.0298,0.0647 0.0605,0.1255                             
Goodness-of-fit 
(GOF) on F2 





























Bond distances (Å) 
1 2 3 
Yb1-O1 2.244(3) Sm1-O1 2.3040(19) La1-O2 2.420(4) 
Yb1-O4 2.216(3) Sm1-O2 2.3171(18) La1-O17 2.405(4) 
Yb1-O5 2.252(3) Sm1-O6 2.2945(18) La1-O28 2.415(4) 
Yb1-O8 2.227(3) Sm1-O7 2.3637(18) La1-O46 2.385(4) 
Yb1-N2 2.456(4) Sm1-N1 2.584(2) La1-N10 2.693(4) 
Yb1-N3 2.476(4) Sm1-N2 2.571(2) La1-N13 2.659(4) 
Yb1-N6 2.469(4) Sm1-N5 2.568(2) La1-N39 2.657(4) 














Fig. 4. ORTEP diagram (50% probability ellipsoids) of the complex unit of 1(top left), 2(top right) and 3(bottom). 
 
2.4. DNA binding study 
2.4.1. Absorption Spectroscopic Study 
In order to investigate the binding modes of metal complexes with DNA we have considered electronic 
absorption spectroscopic technique. A complex generally exhibits hypochromism and a red shift 
(bathochromism) of its absorption band when it intercalate to DNA, causing a strong stacking interaction 
amongst the adjacent base pairs of DNA and the aromatic chromophore of the complex. The extent of the 
hypochromism commonly parallels the intercalative binding strength. To establish the binding affinity of 
the complexes to ct-DNA, the change in absorption intensities of complexes (1-3) were recorded at a 
constant concentration (1×10−5M) with increments of CT-DNA in aqueous medium (10−2 M of Tris–HCl 
buffer, pH 7.4) (Figure 5 and Figure S11). The addition of ct-DNA induced a pronounced hypochromicity 
with no red shift in wavelength. The intrinsic binding constant (Kb) for the interaction of the Ln(III) 
complexes with ct-DNA was calculated using the following equation : 
        [DNA]/εa-εf= [DNA]/εb-εf+1/Kb(εb-εf)                   (1)                                     
In this equation the term εa refers to the extinction coefficient observed (Aobs/M), εb and εf are the extinction 
coefficient of the compound when fully bound to DNA and the extinction coefficient of the free compound 
respectively. From the straight line plot of [DNA]/(εa-εf) vs.[DNA], Kb was determined as the ratio of the 
slope to intercept. 
The binding of 1 with DNA leads to a decrease in the absorption intensity at 316 nm, with a slight increase 
in intensity at 252 nm, whereas for 2 and 3, along with a decrease in intensity at 316nm band, a new band 
appears at 252nm. All three complexes show an isosbestic point (at 292nm for 1, at 294nm for 2 and at 
291nm for 3). The DNA binding constant (Kb) value using absorptions at 316nm was calculated to be 
9.04×105 M−1, 2.76×105 M−1 and 2.16×105 M−1 for 1, 2 and 3 respectively. The TCSPC experiments reveal 
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that the average lifetime of the complexes (Table S2) in aqueous Tris-Hcl buffer (pH 7.4) medium for a 








Fig. 5. Absorption spectra of  1 in the absence and presence of increasing amount of CT-DNA at 25 ºC in 0.01M aqueous Tris–
HCl buffer ( pH 7.4)  and the respective plot of [DNA]/(εa-εf) vs. [DNA]. 
 
3.4.2. Fluorescence Spectroscopic Study 
Fluorescence spectral study is a potent method employed to study the binding of the complexes to ct-DNA 
using ethidium bromide as a fluorescent probe. EB in buffer medium shows low emission intensity which 
gets significantly enhanced when intercalated into the base pairs of DNA. Further binding of the complex to 
DNA would lead to quenching of the emission intensity as the complex displaces the bound EB from the ct-
DNA-EB system.The emission spectra of ct-DNA-EB system in the absence and presence of 1, 2 and 3 are 
shown in Figure 6 and Figure S12. The above quenching data can be analyzed by calculating the quenching 
constant (Ksv) based on Stern-Volmer equation I0/I=1+Ksv[Q]; I and I0 are the fluorescence intensities in the 
presence and absence of the quencher (1, 2 and 3) respectively. Ksv is the Stern-Volmer quenching constant 
and [Q] is the quencher concentration. The quenching data are in agreement with the Stern-Volmer  
equation with Ksv values 1.54×105 M−1, 1.83×105 M−1, 1.64×105 M−1 for 1, 2 and 3 respectively. The 
apparent binding constant (Kapp) value is calculated from the equation : 
                      Kapp× [complex]50 = KEb× [EB] 
where Kapp is the apparent binding constant of the complex, [complex] is the complex concentration at 
50% reduction of fluorescence intensity of EB-DNA system, KEB is the binding constant of ethidium 
bromide (KEB= 1.0×107M−1)[52], and [EB] is the concentration of ethidium bromide(10μM). The Kapp 
values calculated are 1.05×107 M−1, 1.16×107 M−1 and 1.14×107 M−1 for 1, 2 and 3 respectively. It appears 
that the Kapp values are two orders of magnitude higher than the Kb values found for these complexes in 
earlier section, using Uv-Vis spectroscopy. This apparent discrepancy is due to the use of the KEB value 
(KEB= 1.0×107M−1) from the literature [52]. We have earlier reported the KEB value of 1×105 M−1  for the 
calf-thymus DNA used by us in our experimental conditions [53]. Using this KEB value we get Kapp values 
of 1.05×105 M−1, 1.16×105 M−1 and 1.14×105 M−1 for complexes 1, 2 and 3 respectively, which is in good 
agreement with their Kb values. As mentioned earlier during discussion of absorption and emission spectra 
of the complexes, in the Tris-HCl buffer, used in this work, all the complexes appear to exist in the same 
state of protonation of the ligands and therefore the similarity of their DNA-binding constants are justified 
in spite of their apparently different charges in the solid state or DMF solutions.    
 
As all the three complexes are sufficiently fluorescent we have also studied the quenching of the 














































the complexes in the absence and presence of ct-DNA are shown in Figure 7 and Figures S13 and S14. The 
above quenching data were also evaluated based on the Stern-Volmer equation, I0/I = 1 + kSV [Q]; where I 
and I0 are the fluorescence intensities in the presence and absence of the quencher (ct-DNA) respectively, 
Ksv is the Stern Volmer quenching constant and [Q] is the quencher concentration. The Ksv values for 1, 2 



















Fig. 7. Emission spectra of  1 with increasing amounts of ct-DNA solution at 315nm (left) with their respective I0/I vs. [DNA] 
plot (right). 
 
3.5. Cytotoxicity Study 
MTT assay showed that the cytotoxicity was dose dependent with increasing concentration of the 


















































































260μm concentrations (Figure 8 and Figure S15). The low cytotoxicity of the complexes along with their 
bright fluorescence, fast response and stability at physiological pH make them suitable candidates for 
cellular imaging studies. The fluorescence images were recorded before and after the addition of the 
complex (20 μM) (Figure 9 and Figure S16).  The complexes can penetrate the cells with ease making no  
morphometric distortions in case of HeLa cells. Cells incubated in absence of the probe exhibited no 
fluorescence, whereas a bright fluorescence signal was detected in the cells stained with complexes (1-3). 
Thus from this cytotoxicity study we can infer the cell membrane permeability of the complexes and hence 
















Fig. 9. Confocal microscopic images ( images obtained with 100 X objective lens) of HeLa cells (a) Bright field image of cells 
(b) fluorescence images of cells in absence of  probe (1), nuclei counterstained with Hoechst 33342 fluorescent stain (1 mg/mL) 
(c) fluorescence images of cells in presence of  probe (1), excited at 405 nm (d) image of (b) and (c) overlaid. 
 
 4. Conclusions 
Pyridoxal being one of the most versatile co-factor in biological systems their Schiff base complexes  are  
very attractive subjects for investigation. These complexes are potential DNA molecular probes and 
chemotherapeutic reagents. With this point of view we have described three  water soluble complexes of 







and Sm(III) complexes show ligand sensitized f-f emission, the emission of the Yb(III) complex falling in 
the NIR region which makes it potential candidate for possible applications in optical communications and 
fluoroimmunoassay. The complexes show strong DNA binding ability against calf thymus DNA. We have 
also shown that the three lanthanide complexes have low toxicity and they can be used for cellular imaging. 
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Yb(III), Sm(III) and La(III) complexes of a tetradentate Schiff base ligand, bis(pyridoxylidene) ethyelenediamine are reported. 
The complexes bind ct-DNA very strongly by intercalation mode. The low toxicity and bright fluorescence of the complexes can 


















































































































Figure S6. Coordination polyhedron of 2. 
 
Table S1. Selected bond angles in complexes 1, 2 and 3. 











1  2  3  
O1-Yb1-O4 145.76(12) O1-Sm1-O2 152.62(6) O2-La1-O17 160.52(12) 
O1-Yb1-O5 94.82(12) O1-Sm1-O6 100.67(7) O2-La1-O28 95.01(13) 
O1-Yb1-O8 97.92(13) O1-Sm1-O7 91.20(7) O2-La1-O46 86.83(13) 
O4-Yb1-O5 95.67(13) O2-Sm1-O6 88.14(7) O17-La1-O28 87.59(13) 
O4-Yb1-O8 91.11(13) O2-Sm1-O7 92.62(7) O17-La1-O46 97.32(13) 
O5-Yb1-O8 146.29(12) O6-Sm1-O7 152.42(6) O28-La1-O46 159.91(13) 
N2-Yb1-N3 69.75(13) N1-Sm1-N2 67.69(7) N10-La1-N13 64.66(14) 
N2-Yb1-N6 128.66(13) N1-Sm1-N5 130.59(7) N10-La1-N39 138.58(15) 
N2-Yb1-N7 133.74(13) N1-Sm1-N6 137.23(7) N10-La1-N42 133.86(13) 
N3-Yb1-N6 134.03(14) N2-Sm1-N5 135.11(7) N13-La1-N39 128.62(14) 
N3-Yb1-N7 133.06(13) N2-Sm1-N6 132.29(7) N13-La1-N42 141.37(15) 
N6-Yb1-N7 69.51(13) N5-Sm1-N6 67.20(7) N39-La1-N42 64.87(14) 
O1-Yb1-N2 71.33(12) O1-Sm1-N1 69.11(7) O2-La1-N10 67.13(13) 
O1-Yb-N3 141.06(12) O1-Sm1-N2 136.77(7) O2-La1-N13 131.48(13) 
O1-Yb-N6 74.19(13) O1-Sm1-N5 75.14(7) O2-La1-N39 86.15(13) 
O1-Yb-N7 76.32(12) O1-Sm1-N6 83.03(7) O2-La1-N42 79.67(13) 
O4-Yb-N2 142.91(12) O2-Sm1-N1 138.10(7) O17-La1-N10 132.32(13) 
O4-Yb-N3 73.18(12) O2-Sm1-N2 70.44(7) O17-La1-N13 67.78(13) 
O4-Yb-N6 78.39(13) O2-Sm1-N5 80.51(7) O17-La1-N39 76.94(13) 
O4-Yb-N7 75.11(13) O2-Sm1-N6 75.54(7) O17-La1-N42 84.39(13) 
O5-Yb-N2 74.58(13) O6-Sm1-N1 83.21(7) O28-La1-N10 82.97(13) 
O5-Yb-N3 75.99(12) O6-Sm1-N2 75.91(7) O28-La1-N13 74.32(14) 
O5-Yb-N6 71.69(12) O6-Sm1-N5 137.65(7) O28-La1-N39 67.90(13) 
O5-Yb-N7 141.16(13) O6-Sm1-N6 70.47(7) O28-La1-N42 132.70(13) 
O8-Yb-N2 80.19(13) O7-Sm1-N1 77.90(7) O46-La1-N10 79.34(14) 
O8-Yb-N3 74.51(13) O7-Sm1-N2 78.40(6) O46-La1-N13 89.47(13) 
O8-Yb-N6 141.92(12) O7-Sm1-N5 69.34(6) O46-La1-N39 132.18(13) 
O8-Yb-N7 72.43(13) O7-Sm1-N6 136.23(7) O46-La1-N42 67.33(13) 
25 
 
















































































































































































































































































Figure S11. Absorption spectra of 2 and 3 in the absence and presence of increasing amount of CT-DNA at 25 ºC 









































 Average Lifetime (sec) 
 0h 2h 7h 
Complex 1 5.95×10−10 6.39×10−10 5.7×10−10 
Complex 2 5.52×10−10 6.15×10−10 5.35×10−10 
Complex 3 5.63×10−10 6.43×10−10 6.59×10−10 









































































































Figure S12. Emission spectra of EB bound DNA with increasing amounts of 2(A) and 3(B) with their respective 


































Figure S13. Emission spectra of 2(A) and 3(B) with increasing amounts of ct-DNA solution at 315nm with their 
respective I0/I vs. [DNA] plot. 
 












































































































































































































































Figure S14.Emission spectra of 1, 2 and 3 with increasing amounts of ct-DNA solution at isosbestic point 



















































































































Figure S16. Confocal microscopic images of HeLa cells; all images were acquired with a 100 X objective lens. (a) 
Bright field image of cells (b) fluorescence images of cells without probe (2 and 3 respectively), nuclei 
counterstained with Hoechst 33342 fluorescent stain (1 mg/mL) (c) fluorescence images of cells with probe (2 and 
3), excited at 405 nm (d) overlay image of (b) and (c). 
 
a b 
c d 
